INTRODUCTION
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Advanced Biomedical Research | 2016 endothelial dysfunction (ED) and the development of atherosclerosis. [2] ED is associated with the expression of endothelial adhesion molecules and cytokines which causes recruitment and activation of circulating leukocytes. Leukocytes adhere to the endothelium via adhesion molecules including intercellular adhesion molecule (ICAM) and vascular cell adhesion molecule (VCAM) and subsequently lead to a cascade of events that contribute in ED and damage. It has been well-established that ED plays a key role in the pathogenesis vascular injury and the development of atherosclerosis. [3] Furthermore, a large body of evidence have documented that ED is associated with a slight increase in the secretion of vasoconstriction molecule and also a lower bioavailability of vasodilator molecules such as nitric oxide (NO). [4] Melatonin, an endocrine product of the pineal gland, is a multifunctional indolamine that plays a significant role in the protection against free radical formation and the related biochemical damages on endothelial cells. [5, 6] It has been suggested that the nocturnal melatonin secretion is significantly lower in patients with CVDs. [7] [8] [9] With respect to the protective role of melatonin against endothelial oxidative stresses, the administration of melatonin may have beneficial effects in patients with CVD and atherosclerosis.
Until date, no study has investigated the effects of melatonin on markers of endothelial cell damage in patients with coronary artery diseases. In this study, we investigated the effect of melatonin administration on four markers of endothelial function including ICAM, VCAM, C-reactive protein (CRP), and NO on patients with three vessels coronary disease.
MATERIALS AND METHODS

Study population and data source
This double-blind, randomized, controlled trial study was conducted between February and November 2010, on patients with the clinical features of coronary artery disease who had referred to Noor, Sina and Shahid Chamran Hospitals, Isfahan province of Iran, for elective diagnostic coronary angiography. These hospitals are the major referral centers for patients with coronary artery diseases in the province. The inclusion criterion for this study was having a documented diagnosis of three vessels coronary artery diseases by angiography. The exclusion criteria were: (i) Severe left ventricular dysfunction (left ventricular ejection fraction <30% or an end-diastolic pressure >16 mmHg); (ii) recent myocardial infarction (<6 weeks), (iii) having an underlying pulmonary, renal or hepatic dysfunction, (iv) having diabetes, (v) age >80 years, and (vi) weight >90 kg. Patients who were not willing or able to continue the study were also excluded.
After applying the inclusion and exclusion criteria, a total of 39 patients were included in the study. Eligible cases gave informed consent to participate in the study. The study protocol was approved by the Ethical Committee of Isfahan University of Medical Sciences.
The enrolled cases were divided into two groups using random-maker software "random allocation." The case group included 20 patients who received 10 mg oral melatonin (melatonin, nature made, CA, USA) 1 h before sleeping for 1 month. The control group included 19 patients who received placebo (manufactured as the same as melatonin tablets, in faculty of pharmacy of Isfahan University) 1 h before sleeping for 1 month. Blinding and randomization were performed by two investigators who were not involved in the patients' evaluations. To maintain blinding, patients, personnel, and outcome assessors were unaware of the treatment allocation.
Biochemical evaluations
Clinical and laboratory data were collected after randomization and 1 month treatment period. A volume of 5 ml sample of venous blood was collected from each subject and centrifuged within 1 h of withdrawal at 4000 rpm for 10 min in a cold centrifuge. The plasma aliquots were stored at −80°C until analyses were performed. After 1 month administration of melatonin or placebo, another 5 ml blood samples were recollected from each subject. These samples were analyzed for serum NO 2 /NO 3 , CRP, ICAM, VCAM, and melatonin.
The methods of biochemical analyses
Melatonin assay
Plasma concentration of melatonin was measured in duplicate using Enzyme Linked Immunoassay (IBL International, Germany). The intra-assay coefficient of variation was 6.7%.
Intercellular adhesion molecule and vascular cell adhesion molecule assay
Plasma ICAM and VCAM levels were determined with an ELISA assay kit (Bender MedSystem, UK) according to manufacturer's instruction.
C-reactive protein assay
The serum levels of CRP were determined by ELISA kit according to manufacturers' instruction (IBL, Hamburg, Germany). The sensitivity of the assay was <1 µg/ml.
Nitric oxide assay
The serum level of stable NO metabolites nitrite and nitrate were measured using a colorimetric assay (R and D Systems, Minneapolis, USA). For nitrite measurement, briefly, after serum addition into wells, sulfanilamide solution was added to all experimental samples, and after incubation, N-1-naphtylethylenediamine dihydrochloride solution was added. Then, absorbance was measured by a micro reader in 540 nm wavelength. For nitrate measurement, the enzymatic conversion of nitrate to nitrite by nitrate reductase was done. The reaction was followed by colorimetric detection of nitrite as an azo dye product of the Griess reaction. The nitrate concentration was calculated by subtracting the measured nitrite concentration from the total NO concentration.
Statistical analysis
Statistical analysis was performed using SPSS statistical software (version 11.0; SPSS, Chicago, IL, USA). Descriptive data are reported as mean ± standard deviation or number (%) as appropriate. The results were analyzed to verify the normality of distribution using test of Kolmogorov-Smirnov. To compare the studied variables between case and control groups, Student's t-test for quantitative data and Chi-square test for qualitative data were used. P < 0.05 was considered statistically significant.
RESULTS
This study included a total of 32 (82%) men and 7 (18%) women who were assigned to case and control groups, received treatments and followed for 1 month. The mean age of the patients was 59.3 ± 5.6 years (range, 41-73 years). All subjects completed the study successfully. The case group consisted of 17 (85%) men and 3 (15%) women, with a mean age of 60.1 ± 5.3 years (range, 49-73 years). The control group consisted of 15 (78%) men and 4 (22%) women, with a mean age of 58.6 ± 5.8 years (range, 41-73 years). No significant differences were noted between groups for sex, age, body mass index, ejection fraction, and the baseline levels of CRP, ICAM, VCAM, and NO (P ≥ 0.5). The baseline characteristics of patients between studied groups are presented in Table 1 . Table 2 shows the comparison of biochemical data after 1 month treatment between the case and control groups. As shown, after 1 month of melatonin treatment, the mean level of ICAM, VCAM, and CRP showed a statistically significant reduction in the case group. On the other hand, the mean level of VCAM increased significantly in the control group. The mean levels of CRP and ICAM were also increased in the control group, but the difference did not reach the significant threshold. With respect to the serum NO, there was a statistically significant increase in the case group, while there was a statistically significant decrease in serum NO in the control group. The serum level of melatonin was significantly increased in the case group, but it was not significantly changed in the control group.
No serious side-effects were reported in patients in both groups. Nausea was reported in two of cases and one of the controls. Mild weakness was reported in three of cases and three of controls.
DISCUSSION
In this study, we investigated the effects of melatonin administration on markers of ED among patients with three vessels coronary artery diseases. The markers used in this study included ICAM, VCAM, CRP, and NO, which are generally accepted as the markers of endothelium function.
The results of this study suggested that melatonin may have beneficial effects on ED even in a patient with severe and advanced atherosclerotic plaques. In our study, the mean levels of ICAM, VCAM, and CRP were significantly reduced after 1 month of melatonin treatment. Furthermore, melatonin treatment was associated with an increased level of serum NO among the cases.
The findings of this study are inconsistent with recently published studies. Investigations in animal models have shown that melatonin improves the NO pathway, and can have protective effects against endothelial damage, vasoconstriction, platelet aggregation, and leukocyte infiltration. [10] Other studies have showed a reduced level of melatonin in patients with type 2 diabetes [11] and hypertension. [12] It has been also demonstrated that blood melatonin level correlates with the severity of the disease in CVD patients. [13] It is unclear whether low melatonin levels in these patients are the result of melatonin ''consumption'' caused by scavenging of the elevated free radical production, or represent lower melatonin production, and hence less protection against oxidative stress. [10, 11, 14] In addition to scavenging free radicals, and antioxidant defense enzymes activation, melatonin has robust protective effects through lowering lipid and blood pressure and increasing NO bioavailability. [12] Furthermore, it is demonstrated that suppressing the nocturnal melatonin surge is associated with increased expression of adhesion molecules in the endothelial cells. [14] Studies on mice have shown that melatonin can also inhibit atherogenic lipoprotein oxidation in these animals. [15] It has been suggested that melatonin can reduce the expression of the adhesion molecules, including P-selectin and ICAM, [5] and suppress NFκB translocation into the nucleus. [6] These mechanisms are suggested to be associated with reduction on cardiac cell injury.
It should be noted that there are a number of studies in the literature that demonstrated adverse effects of melatonin on endothelial cells. Tailleux et al. [16] demonstrated that feeding of hypercholesterolemic mice with melatonin supplementation may increases the surface of atherosclerotic lesions in the proximal aorta. They have suggested that caution should be taken as regards high melatonin dosage in hypercholesterolemic patients. However, until date, there is no report on the adverse effects of melatonin on endothelial cells in the human subjects.
The main limitation of our study is the relatively small sample size and short follow-up period. However, this was the first report on the effects of melatonin on endothelial markers in patients with three vessels coronary artery disease. More studies are needed to shed light on the beneficial effects of melatonin on endothelial functions in patients with coronary artery diseases.
CONCLUSIONS
Our study suggests that that melatonin can decrease the markers of endothelia cell injury and elevate the vasodilator cytokines. These features can be helpful in preventing ED and atherosclerosis in patients with CVD. Additional studies are needed to establish the utility of melatonin as a novel anti-inflammatory therapy. 
